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TESTS 120-FT-SPAN PRESTRESSED CONCRETE BEAM 


SYNOPSIS 


Tests destruction have been carried out 120-ft-span prestressed 
concrete beam similar the beams used the construction four- 
span overpass the Chiswick rotary junction. The tests showed that the de- 
sign assumptions with regard the loss stress due friction and short- 
term creep, shrinkage, and relaxation were valid. The behaviour the beam 
the working-load range agreed excellently with the behaviour predicted. 

ultimate load the beam failed crushing the concrete top flange 
deflection in. The calculated ultimate load was less than the ac- 
tual failing load; the assumptions, which the ultimate load calculations were 
based, were thus fully vindicated. 


INTRODUCTION 


the western end the Cromwell Road extension scheme there 
overpass, consisting four spans each about 125 ft, carrying dual 
roadways over rotary junction the junction the Great West Road, North 
Circular Road, and Chiswick High Road. The Ministry Transport, for whom 
the overpass was being constructed, specified that abeam the beams 
used the bridge should tested destruction. 


DETAILS THE BEAM AND THE TESTING RIG 


The beam, which was 120 span and had over-all depth varying from 
in. in. the supports, consisted three precast sections 
which were jointed, post-tensioned, and provided with situ top flange. 


open until February 1961. extend the closing date one month, 
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The center precast in. long with cross-section mid- 
shown Fig. the bottom flange the unit increased depth from 
in. mid-span 114 in. the ends. The end precast sections were 
in. long. Each section was post-tensioned with number secondary ca- 
bles (Freyssinet). The eighteen straight in. diam ducts for the main post- 
tensioning cables were formed the bottom flange each unit casting 
steel sheathing. 

The concrete for the precast sections contained 3/4 in. Enderby granite, 
3/4 in. Curtis shingle, 1/2 in. Tuckwell shingle, Curtis sharp sand, and ordi- 
nary Portland cement; the aggregate-cement ratio was 3.23 and the water- 
cement ratio was 0.37. The strengths the concrete, found from tests 
in. cubes, are given Table 

The precast sections the beam were erected the test rig supports 
identical with those used the actual overpass; one end was supported 
Meehanite rocker (Fig. and the other Meehanite hinge (Fig. 3). 
The units were temporarily supported the correct level the section the 
joints and made for movement the units the post-tensioning 
was applied. The joints, which were in. wide and provided with short lengths 
rubber tube maintain the continuity the ducts, were then concreted. 
The concrete used the joints consisted 3/8 in. 3/16 in. Wraysbury 
gravel, Wraysbury sand, and rapid-hardening Portland cement; the aggregate- 
cement ratio and the water-cement ratio 0.32. The in. cube strengths 
for this concrete are given Table 

Five days after the joints had been cast post-tensioning the main cables 
was commenced. There were eighteen Freyssinet cables, each with twelve 
0-276 in. diam wires. The anchorages were external the beam and the fe- 
male cones thrust steel plate in. thick cast the unit (Fig. 2). 
The average properties the high-tensile steel wire used stressing the 
beam follows: the diameter was 0.276 in., the ultimate tensile strength 
232,000 per in., the 0.2% proof stress 207,000 per in., and the 
Young’s modulus 28.5 per in. These properties were deduced from 
the test results obtained onthree short lengths cut from each coils used. 
typical load-strain curve for the wire shown Fig. Each cable was 
stressed from one end only with initial force percable 113 kips. The 
average force per cable, after allowance has been made for the progressive 
elastic loss during stressing, was 109 kips. 

Grouting the cables was carried out immediately after all the cables had 
been stressed; the grout used was neat cement with water-cement ratio 
0.5. 

The situ top flange, in. thick, was cast three sections. The central 
section was cast first and then the two end sections were cast after period 
five days. The concrete used the flange consisted 3/4 in. Curtis shingle, 
1/2 in. Tuckwell shingle, Curtis sharp sand, and ordinary Portland cement; 
the aggregate-cement ratio was and the water-cement ratio 0.45. The de- 
tails the control and the crushing strengths cubes and cylinders 
for the concrete the top flange are given Table 

general view both the beam and the test rig shown Fig. Details 
the two loading frames are shown Fig. The test rig consisted re- 
inforced concrete foundation blocks below ground level which the in. 
in. concrete columns and the reinforced transoms were 
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TABLE 1,—CUBE STRENGTHS VARIOUS AGES FOR THE PRECAST 
SECTIONS THE BEAMS AND THE JOINTING CONCRETE 


Cube 
strength, 8,380 9,460 9,870 8,300 8,930 
per in. 
(b) Jointing concrete 
Cube strength, 8,290 
per 
TABLE QUALITY CONTROL AND CRUSHING STRENGTH 
CONCRETE USED SITU TOP FLANGE 
(a) Reference numbers test specimens 
Date cast Position Sample Compact- Cubes Cylinders Cylinders 
Number ing fac- (cast up- (cast 
side) 
March 
1958 center 
section 2A,3A 
anchorage 0.75 4A,5A 
end section 0.86 
jacking end 0.90 
section 0.85 
(b) Results strength tests 
Specimens Age test 
5,020 5,750 
3,440 6,120* 
4,220 
3,390 


cylinders 4,310 3,730 5,370 
3,280 11B 4,640 
cylinders (sulphur 4,240 4,740 
capped) 12B 3,850 
10B 355 


days, except where marked with asterisk which was tested days. 


we 


post-tensioned with two Gifford-Udall cables per column, each cable consist- 
ing twelve 0.276 in. diam wires. The size the foundation blocks was gov- 
erned the estimated ultimate load for the beam and the density the back 
filling. The bearing for each transom beam consisted in. in. 
3/4 in. steel plate bedded the column with mortar. .The two portal frames 
were centres and were equidistant from the centre the beam. The 
end supports for the beam consisted mass concrete blocks square with 
plinths give clearance under the beam the supports. 


series tests, load was applied the beam hydraulic jacks, 
each 330 kips capacity and with in. travel; these were attached cradles 
each transom and operated hand pumps. Each load was applied through 
330 kips load capsule spreader beam which was separated from the top 
flange the beam pads rubber in. thick. detail the loading ar- 
rangement given Fig. was necessary pack the jacks and this was 
done using two Tangye Hydralite jacks, one either side the main jacks. 
the final test electrically operated hydraulic jacks with in. travel were 
used but even these had packed twice before the beam failed. 


AND STRAIN MEASURING EQUIPMENT 


When the precast sections were stressed together the longitudinal short- 
ening and the hogging the beam were measured 0.001 in. bear- 
ing the ends the units and the soffit mid-span. During the loading 
tests deflections were obtained the quarter- and mid-span sections with 
vernier wire gages reading 0.01 in. and mid-span with 0.001 in. dial 
gages; these gages were mounted both sides the beam. Additional dial 
gages were used todetermine any settlement the supports. Two levels were 
used determine whether any movement the support foundation blocks oc- 
curred, and theodolite was used check that the columns the loading rig 
remained vertical during the tests. 

Strains were measured from when the precast units were stressed 
until the composite beam failed; mechanical “Demec” gages operating in. 
gage lengths were used. Locating discs were fixed the precast concrete 
with sealing wax and were cast the situ top flange. The gage lengths 
were arranged banks near each end the beam, the erection joints and 
sections either side the center-line; the gages were identical 
both sides the beam. 


ANALYSIS AND DISCUSSION RESULTS 


Theoretical working load and ultimate load beam.—The theoretical working- 
load conditions have been abstracted from the consulting engineer’s calcula- 
tions. The following are the mid-span bending moments for which the beam 
was designed: 

Design live load 

Road surfacing 

Additional situ concrete 

Additional effect removing props under edge beam 
Total effective superimposed load moment 


26,500,000 in. 
3,630,000 in. 
3,420,000 in. 
4,150,000 in. 

37,700,000 in. 
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From the given stress conditions the beam (that is, when part the 
eventual total loss prestress had occurred) the moment required produce 
the bottom fiber the composite section mid-span was 
culated; was found 39,400,000 in. This moment corresponds with 
jack loads kips for the arrangement adopted during the tests. the 
modulus rupture the precast concrete assumed have been 800 per 
in. thenthe estimated moment cause cracking mid-span was 63,200,000 
in. 117 kips per jack. 

From the stress conditions the erection joint, the moment required 
produce zero stress the bottom fiber that section was calculated. was 
found 42,800,000 in., which corresponds jack load kips. 

the analysis the results the term “working load” used define that 
superimposed load which causes zero stress the bottom fiber the beam 
mid-span. 

The ultimate strength calculations were necessary determine the size 
and strength the testing rig, and hence certain assumptions were made re- 
garding the strength concrete the test. These assumptions 
and the calculations are given the Appendix. From the results the cube 
tests, given Tables and will seen that satisfactory value was 
assumed for the strength the situ concrete but that the strength the 
precast concrete was under-estimated. The actual beam tested differed from 
the one assumed the ultimate load calculations that the thickness the 
situ top flange was in. instead in. although the over-all depth was 
the same. not surprising, therefore, that the estimated ultimate load 
the beam was the low side. 

The estimated ultimate load corresponded with load 248 kips per jack 
and the testing rig was therefore designed for total applied load 550 kips. 

Test After the three precast sections the beam had been placed 
the two end supports and the temporary supports the joints, and had been 
levelled and jointed, strain gage locating were attached the sides 
the beam. The day before stressing was commenced the gage lengths were 
measured and they were checked immediately before stressing was begun. 
This check, and subsequent visual inspection, showed that the joint nearer the 
rocker support (the east joint) had opened and cracks approximately in. 
10-3 in. wide had formed. This cracking thought have been produced 
movements the supports used the test. The other joint 
(the west also apparently cracked. The maximum gage reading was 
in. 10-3 in., but the crack was not visible the roughened concrete the 
joint. 

suitable stages the stressing operation strain readings were taken 
the ends the beam, the joints, and mid-span. the first day one cable 
was stressed and the cracks the joints closed considerable extent. Slip 
inthe anchorage, however, necessitated release the prestress and the cracks 
greater width than before. The stressing operations extended 
over period nine days (including the weekend) owing interruptions which 
were partly due tothe investigation difficulties. Measurements strain- 
gage lengths across the joints showed that although the cracks became invisible 
after the first two cables had been stressed, the movement the joints con- 
tinued until five six cables had been stressed. After that the strain meas- 
urements across the joints were similar those adjacent uncracked con- 
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crete. The differences between the readings gages across the east joint 
and adjacent uncracked concrete near the soffit the beam were follows: 


During stressing Closure crack was 
cable No. approximately 10-4 in.) 
180 


Friction between cables and ducts the joint may conceivably have pre- 
vented the strain due the closure the crack from being spread over the 
whole length the cables with the result that the stressing the second, 
third, fourth, and fifth and sixth cable caused very local loss prestress 
the cable cables already stressed. The size this loss cannot, 
estimated with any degree accuracy. 


investigate the friction along the entire length the cables during 
stressing, strain-gage lengths each end the beam were measured. These 
indicated very small losses due friction; the strains the stressing end 
and dead end being 23.0 22.4 cables stressed and 46.8 
10-5 and 45.9 10-5 with cables stressed. Each these values the 
average four gage lengths. the modulus elasticity the concrete was 
the same the two ends the beam, the loss due friction along the whole 
length the beam was only about 2%. the design loss from the 
jacking point the mid-span section was assumed. 

check the design assumptions concerning the loss prestress due 
creep and shrinkage the concrete and relaxation the stéel during 
stressing, the readings from the four banks gage lengths near mid-span 
were averaged and are plotted convert these strains stresses 
requires knowledge the modulus elasticity the concrete. Attempts 
obtain this were made during stressing measuring the shortening the 
soffit the beam and the hogging mid-span. The variation the cross- 
section the beam and the prestress along the span complicated the calcula- 
tions. The overall shortening the soffit the beam during the stressing 
the main cables was 0.62 in. and this corresponds with estimated aver- 
age stress 2,320 per in. (it being assumed that there was loss due 
friction and relaxation the steel). The modulus elasticity calculated 
from these figures 5.4 106 per in. The hogging the beam during 
stressing was 7/16 in. and this agreed well with the theoretical value calcu- 
lated the assumption that 5.5 per in. Thus seems rea- 
sonable accept the value 5.4 per in. for converting strains 
stresses and this gives the actual stress distribution the completion 
stressing +2,700 per in. (compression) the bottom fibers and +702 
per in. (compression) the top fibers. The design values calculated 
the assumption loss mid-span due friction and loss due re- 
laxation the steel during stressing, were +2,140 per in. and +765 
per in. there was less mid-span due friction and loss due 
relaxation during stressing the design stresses would +2,412 per in. 
and +688 per The agreement still not very good and simple ad- 
justments such altering the modulus elasticity not close the gap be- 
tween theoretical and actual stresses. Because the length time taken for 
the stressing operation strains due creep the concrete may have been 
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significant part the measured strain and, further, the temperature variation 
was 14°F during the stressing and involved large corrections. These factors, 
together with some error the determination would account for the dis- 
crepancy, but seems clear that the stresses the completion stressing 
were least high designed. 

After completion stressing further strain measurements were taken be- 
fore and after the casting section the top flange. the six days be- 
fore the central section was cast the central banks gage lengths showed 
approximately uniform shortening over the whole depth the beam owing 
shrinkage and creep, the strain being +6.5 10-5. The loss prestress due 
approximately 1.2% the initial stress the wire. The addition the central 
section the top flange produced strains approximately 10-5 the 
bottom the beam and 10-5 the top, corresponding modulus 
elasticity 7.5 per in. thefive days following the casting the 
central situ flange, strains due shrinkage and creep the precast sec- 
tion were triangular profile, varying from +2.5 10-5 the bottom fibers 
the top. Casting the end sections the situ flange, produced strains 
the precast section mid-span 10-5 the bottom fiber and +2.5 
10-5 the top, corresponding 106 per in. Strains due 
creep and shrinkage the precast section after completion the situ con- 
creting varied from 10-5 the bottom fiber 10-5 the top dur- 
ing the first nine days. The total strain the bottom fibers from just before 
casting the central situ top flange until just before testing the beam was 
negligible, and the loss prestress must have been very small. Strain gage 
plugs were cast into the situ concrete but readings could taken before 
stripping the formwork. the nine days after completion the situ con- 
crete, strains due shrinkage approximately 10-5 occurred. 

Loading tests the beam commenced days after the completion 
stressing and days after the completion the top flange. the first day 
load 157 kips each the two loading points was reached, deflection 
gauges being read increments kips and strain gages increments 
approximately kips. 134 kips per jack very fine cracks were found 


the soffit the beam near mid-span and reference load-strain curves (Fig. 


shows that the cracks actually commenced slightly under 134 kips, prob- 
ably 129 130 kips per jack. The calculated value was 117 kips per jack. 

Fig. 10, strain gage measurements from gage lengths placed across the 
joints, and and 14, load-deflection graphs, show clearly that 
the east joint was opening load approximately kips per jack. The 
departure from linearity the load-strain graphs for the east joint, north 
face, quite marked kips but not clear for the south face. Behav- 
iour the west joint was similar but less marked the graphs. The sur- 
faces the beam the joints were very rough and was not possible lo- 
cate fine cracks eye. load kips per jack considerably less than 
that which the joints should have reopened but, already suggested, this 
may have been due very local loss prestress because the joint closed 
during stressing. 

The central deflection the beam 134 kips per jack was 2.7 in. and 


157 kips per jack was 3.5 in. Immediate recovery removal the load was 
within 1/3 in. 
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Fig. shows strain profiles near mid-span during the first test loading. 
crack can seen have passed right through one bank gages but the 
other bank was only partly intersected crack. 


After pause half hour second loading was carried out 148 kips 
per jack, the load being applied quickly possible. The only pauses were 
few seconds each dial gages mid-span were read each in- 
crement load (approximately kips per jack). similar rapid loading 
20 
40 
e west joint, north face. in up west south face. fin. up 
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was carried out the beginning the second day’s testing, the aim being 
determine accurately possible the load which cracks the beam re- 
opened, that is, the zero tension load. The speed loading reduced the effect 
creep and can seen from and that the beam appeared 
stiffer under the faster loadings than under the slow first loading. The load- 


deflection graph (Fig. 16) obtained averaging the readings the second and 
third loadings, two dial gages being used each time, shows that cracks were 
reopening kips per jack. This approximately kips per jack 
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greater than the theoretical load required reopen cracks mid-span. 
must assumed that the joint-opening load obtained from load-deflection 
graphs the first loading was slightly depressed the effect the graphs 
creep due the slow rate loading. The more rapid loadings show de- 
parture from linearity the load deflection graphs kips, but impos- 
sible say whether the departure kips due reopening the joints 
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reopening cracks mid-span. The initial cracking beam usu- 
ally visible almost immediately after begins but the reopening cracks 
subsequent loading extremely gradual and difficult locate exactly. 
Time did not allow further loadings made obtain load-strain graphs 
for the joints and mid-span. The actual central deflection the beam 
kips was 1.385 in. and the value calculated before the test was 1.375 in. 

After loading 157 kips per jack, when oil leak necessitated re- 
moval the load, the beam was reloaded 157 kips per jack and then, 
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approximately kips increments, 212 kips per jack. 168 kips per jack 
was necessary pack the jacks, which were almost the end their tra- 


vel. This operation took hour, and the beam deflection increased 0.2 in. 


during this time owing creep. 179 kips per jack was heard 
and was found that diagonal cracks had formed across the web between the 
loading points and the transverse duct holes the construction joints (Fig. 17). 
about 215 217 kips per jack (the loads were not exactly equal) when the 
total central deflection was 8.9 in. the jacks had again reached the end their 
travel and was considered too dangerous repack that stage. Testing 
was therefore stopped until pair electrically operated jacks with in. 
travel, which had become available after the commencement the tests, could 
inserted place the in. jacks with hand pumps. These jacks were 
loaded 145 kips when the central approximately in. and then 


packed and reset give further in. travel. 246 kips per jack the de- 


144 in. and increment between 236 and 246 kips was 
2.6 in. For this reason was decided repack the jacks once more and this 
was carried out after reducing the load 157 kips per jack. Although this 
was only kips per jack higher than the previous resetting, the “cutting 
across the corner” the load-deflection curve allowed sufficient packing 
inserted for the ultimate deflection approximately in. obtained 
load 264 kips per jack. Failure occurred when length about 
the top flange mid-span gently crushed depth about in. Cracks had 
reached and entered the precast top flange but not the situ concrete. The 
depth the compression zone would then have been approximately in. and 
compared well with the value in. assumed the calculation the ulti- 
mate load (see Appendix). The shear cracks outside the loading points had in- 
creased width and number but did not seem influence the failure any 
way. Immediately the crushing occurred the load was reduced nominal 
value. The beam was then reloaded and, shown and 19, collapsed 
completely when the load again approached 264 kips. After collapse the situ 
top flange mid-span could seen have parted from the precast section, 
the vertical stirrups having failed, but this was secondary effect the col- 
lapse. 

During the final loading strain gage was attached gage length in. 
from the top the beam near mid-span and strains were measured. The last 
reading was obtained 258 kips per jack when the total strain was approxi- 
mately 0.002 but reference Fig. shows that the assumed ultimate strain 
0.003 would probably have been almost reached 264 kips per jack. The 
gage length measured was actually within the length concrete that crushed. 

After failure the beam number lengths duct were cut from the 
beam near mid-span and examination showed the grouting tobe excellent (Fig. 
21). 

The ultimate failing load the beam was about greater than the calcu- 
lated value. Since accuracy within 10% normally required for ultimate 
strength calculations, this agreement perfectly satisfactory and shows that 
the slight discrepancies between the assumptions which the calculations 
were based and what occurred practice did not warrant revised ultimate 
load calculation. 

The ultimate load gave load factor 3.62 the jack load required 
produce zero stress the bottom fibers. With respect the total effective 
superimposed load moment given the section “Theoretical working load and 
ultimate load beam” the analysis and discussion, the load factor was 3.78. 
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FIG, 18.—BEAM AFTER FAILURE (NORTH FACE) 
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The dead load moments, abstracted from the design calculations, were 
follows: 
Mid-span moment due precast concrete 36,200,000 in. 
Mid-span moment due situ concrete 6,020,000 in. 
Total dead load moment 42,220,000 in. 
Hence the total dead plus superimposed load moment 42,220,000 
37,700,000 
79,920,000 in. 
Since the ultimate moment the test beam, including the self-weight mo- 
ment, was 188,220,000 in. the ultimate load may represented 
2.35 (dead load superimposed live load) 


The tests showed that the design assumptions regarding the loss due 
friction stressing and the loss prestress due creep, shrinkage, and 
relaxation were perfectly satisfactory. The assumptions regarding the total 
loss prestress could not course checked over any long period time 
but the estimated stresses from the measured strains the beam the 
time the actual tests were greater than those given the design. The 
higher pre-compression bottom fiber was shown the fact that the load 
required produce zero stress the bottom fiber was slightly greater than 
anticipated. 

The cracking the joints between the precast elements which occurred be- 
fore stressing was begun did not significantly affect the behaviour the beam. 
Such cracks would probably heal the actual bridge structure since some 
time would elapse before the top flange was cast. 

The behaviour the beam within the working-load range was excellent and 
agreed with the predicted behaviour. ultimate load the agreement between 
the predicted behaviour and the actual behaviour was again excellent, this ap- 
plied ultimate loads, the depth the neutral axis, and the ultimate strain 
the top fiber the beam. The presence number shear cracks origi- 
nating from the holes through the web for the transverse prestress did not af- 
fect the ultimate strength the beam. the actual bridge transverse dia- 
phragms will strengthen this region the beam, and such cracks will proba- 
bly not occur. 

The load factor with respect the total dead superimposed loading was 
2.35, which adequate for structure this type. 
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APPENDIX. ULTIMATE LOAD CALCULATIONS 


Center section the beam 
Steel 
Initial stress 157,000 per in. 


Final stress secondary cables 116,500 per in. which strain 
0.00409 


Concrete 
Assumed cube strength situ concrete 6,000 per in. 
Assumed minimum cube strength precast concrete 7,500 per in. 


Ultimate moment 


With such large over-all depth highly probably that the bond factor, 
will unity and this one the basic assumptions the analysis. The 
other assumptions are: 


(a) The ultimate strain the top fiber the concrete failure 0.003 
for the assumed cube strength 6,000 per in. the situ concrete; 
(b) The compressive area the beam divided into the sections shown 
Fig. and for these sections the average stress and the position the cen- 
troid the stress block are given below. 
Section (1) Average stress taken cube strength situ concrete. 
Centroid assumed mid-depth section. 
Section (2) Concrete assumed uniform this section with average 
stress 0.5 cube strength the precast concrete. 
Centroid assumed depth 0.4 depth neutral axis. 


The distribution strain over the depth the beam shown Fig. 23. 
From the strains given this distribution and those due the final prestress, 
the ultimate strains the steel the various levels are found 
0.00985 which the load per wire 13,100 
0.01101 which the load per wire 13,350 
0.01175 which the load per wire 13,420 
Hence the total force the steel 
157,000 1,442,000 1,449,000 
3,048,000 

The compressive force the concrete 


Section (1): 18x12x4,000 864,000 
Section (2): 19.5 3,750 2,194,000 
Total concrete force 3,058,000 
The centroid the concrete force (864,000 (2,194,000 0.8) 


3,058,000 
7.45 in. from top fiber. 


The ultimate moment 


Mult (157,000 50.925) (1,442,000 56.925) (1,449,000 61.80) 
1.749 108 in. 


This moment equivalent 332,200 each jacking point. 
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The moment due the self-weight the beam 
which equivalent load 83,800 each jacking point. 
The additional load required therefore 248,400 per jack. 
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ITALIAN ARCH DAM DESIGN AND MODEL CONFIRMATION® 
Discussion Merlin Copen 


mary the development arch dam design inItaly. The writer concurs com- 
pletely with his statement regarding the importance “rational” dam design. 
There does seem be, however, divergence opinion what constitutes 
“rational” design. Mr. Oberti states that “the dam should provided with 
perimeter has been noted, however, that most other European de- 
signers prefer not have perimeter joint. This practice has not, this 
writer’s knowledge, been used any dams the United States. 

The author strongly supports the double-curvature, dome-like arch dam. 
Most the dams illustrated inthis paper seem have extensive downstream 
curvature. has been the experience the designers the Bureau 
Reclamation, Dept. Interior (USBR), that the principal advantage double- 
curvature reduce eliminate areas tensile stress. The existance and 
magnitude tensile stresses are largely determined the physical properties 
the damsite. wide valley, for example, the tendancy for tensile stress 
much greater than very narrow site. “Rational” design might then in- 
dicate either radicalor moderate double curvature, depending the site con- 
ditions. 

The areas anarchdam stresses might normally expected 
occur are asfollows: the the lower one third the 
dam; the crown intrados the lower portion the dam; the downstream 
face the vicinity the crown cantilever near the top the dam; and the 
upstream face the crown nearthe bottom the dam. thesetensile areas, 
the two that benefit directly from double curvature are the crown area near 
the-top the dam downstream face, and the vicinity near the base the 
dam the upstream face the area the crown. Mr. Oberti seems con- 
firm this when states with regard the Osiglietta Dam that, *The tests 
confirmed the reduction, through second curvature, the tensile stresses 
along the cantilevers, and this proved conclusively the contribution afforded 
the cantilevers because their arched shape.” This writer finds nec- 
essary very carefully proportion the the tensile 
stress both these areas. permitting excessive downstream curvature 
the upper part the dam, the tensile stress near the bottom may actually 
increased. 

Mr. Oberti not possible compute analytical methods, 
the stresses double-curvature arch The USBR has been able an- 
alyze all types arch dams, including double-curvature dams, the trial 
load method analysis. While this may once have been very tedious, the ap- 
plication electronic computers assist the computations has made the 


March, 1960, Guido 
Engr., Bur, Reclamation, the Interior, Denver, Colo. 
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solution entirely practical. Furthermore, anticipated that still more re- 
duction both labor and time possible the analysis more completely 
programed for electronic processes. 

Regarding movements foundation rock, well known all designers 
arch dams that practical and economic factors greatly limit the available 
information the character the foundation material. With only meager 
knowledge the rock properties and the ability correct many the defi- 
ciencies the foundation material (grouting and on), doubtful the 
accuracy obtained the use models superior that ascertained an- 
alytical means. 

The writer has observed various times the implication other writers 
that the choice not adequate completely 
determine the stresses arch dams. all the forces and moments are 
computed the analysis use the proper design loads and all movements 
accounted for, stresses may computed any direction and isostatic lines 
easily determined. the other hand, impossible choose elements ac- 
curately the direction isostatic lines, since these cannot known until 
analysis completed. 

Mr. Oberti states that analysis confirms that, the elastic stage, the 
basic resisting elements are the arches, whereas the cantilevers offer com- 
paratively limited contribution owing the curvature ratios the structure.” 
This entirely true the site narrow V-shaped canyon. If, however, the 
site wide shape, the cantilevers will found the principal 
resisting elements. The importance the arches and cantilevers varies be- 
tween these extremes, depending the shape the site and the relative flex- 
ibility the elements. 

This writer has not found any dam where conditions non-symmetry, abut- 
ment shape, existence joints have made impossible determine stresses 
analytical means. generally found where assumptions are necessary 
for analytical solutions, that these assumptions, others, are also required 
for model analysis. 

The writer has been very much impressed with the high quality work that 
has been produced Mr. Oberti and his associates, not only 
but also the design and construction impressive arch dams. recog- 
nized that under some conditions analytical solution may not possible 
for all design problems and the use models could essential. While the 
USBR uses the trial load method almost exclusively, constantly seeking 
ways improve design techniques and the safety and efficiency its struc- 
tures. this search, the use models has not been ignored, evidenced 
the model studies Stevenson Creek Dam early 1927, followed Gib- 
son Dam, Hoover Dam, and Glen Canyon Dam. the writer’s opinion that, 
with the interest now indicated arch dam design, improved design methods 
will evolve, resulting more competent and efficient arch dams. 
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THE IMPACT COMPUTERS ENGINEERING 


Discussion William Boe 


WILLIAM ASCE.—The paper Mr. Fisher well worth 
reading. Digital computers have had have great effect civil engi- 
neering. Problems that took days solve, such the stresses suspension 
bridges due suspender deflections, can solved matter minutes 
computers. engineering offices, find today that 
many engineering designs are being pulled out graphs and tables that were 
tabulated the There will even more this the future. 
What will become the design engineer? merely 
is, would more economical tohire one with engineering 
training. 

This writer firmly believes that there need for the design engineer and 
that must able fulfill the following requirements: 


must apply his theoretical knowledge problems that have 
not been setup the computers. The digital computer expensive operate 
and many problems can worked more economically hand computers. 
problem that has not been programmed computer can usually worked 
out faster ordinary methods. 

must ableto use his imagination and come with practical solu- 
tions problems. must able visualize new techniques building, 
new materials with which make his design, and use theories that fit his 
design. Not all beams are supported knife edges and all loads are not uni- 
form pin pointed. The theories are only good the assumptions, 
matter how they are computed. The one comment heard most this writer 
that engineers have imagination. Colleges and universities must assume 
much this responsibility. Many professors the student instead 
allowing him work out the solutions himself. The student’s imagination 
must kindled. 

must able supervise the drawing plans and write specifi- 
cations that the structure can built. the structure cannot built, the 
design solution worthless, matter how has been computed. partner 
large engineering firm told this writer that can structural 


analyst, but that difficult find engineer who can turn out good set 
plans. 


Colleges and universities should take long look what they want their 
civil engineering graduates accomplish through their education. Very few 
graduates will have direct contact with programming-design calculations, while 


Structural Engr., Green Engrg. Co., Middleton, 
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many will calledupon plans, write specifications, supervise con- 
struction, and make design computations that require digital computers. 

was pleasingto this writer tofind that Mr. Fisher did not believe that the 
college curriculum had changed include computer design, but that 
awarness its use should included and encouraged. All engineering grad- 
uates should have good fundamental knowledge the mathematics involved 
computer computations. 
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REVIEW RESEARCH COMPOSITE STEEL—CONCRETE 


JURKOVICH, ASCE.—Mr. Viest states that second development 
deserving brief mention the current attempts improve the natural bond 
through the use epoxy Brief mention all that these attempts de- 
serve presently, far the preliminary tests made the California Divi- 
sion Highways-Materials and Research Laboratory reveal. 

The tests consisted jacking against in. block 
that was cast the flange steel beam. Epoxy resin was applied the 
flange before casting the block. The shear failure was 100 psi. Fail- 
ure was the concrete about 1/2 in. 1/4 in. above the steel flange. “tie 
downs” were used the test and result, mechanical resistance up- 
lift existed. Without question, mechanical ‘tie downs” are required for any 
method used provide composite action. 

Plans are being made (August, 1960) run full scale test using 1/2 in. 
round studs in. centers and epoxy applied 50% the flange before 
casting the deck slab. preparation the flange, such sandblasting, will 
done. The test will made determine composite action can main- 
tained ultimate load. expected that these tests may deserve more than 
brief mention the future. 


June, 1960, Ivan Viest. 
Senior Bridge Engr., Calif. Div. Highways, Sacramento, Calif. 
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ERRATA 


Journal the Structural Division 


Proceedings the American Society Civil Engineering 


January, 1960 
Eq. 6(b) should written follows: 


+k + 
LAB 


May, 1960 
113. The line preceding Eq. and Eq. should changed follows: 
pression 


114. Eq. 7(a) place bracket before bracket after 
the term 


116 and 117. Eqs. and change all 8’s. 
July, 1960 
141. line change “low-allow” “low-alloy.” 
144. Table over Cols. through add “in ksi” the heading 
148. line change “Fig. “Fig. 4(d).” 
151. line change “routing” “routine.” 
156. the caption for Fig. insert parentheses after STUB COL. 


161. The-two figures that make Fig. should interchanged 
with the captions retaining their present positions the page. 


162. line change the sign< 
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163 and 165. These two pages should interchanged. 


170. item change the term L/4 L/r. 
172. line add single dot over the term 
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